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(54) Semiconductor integrated circuit and its manufacturing method 



(57) A method for manufacturing a semiconductor 
integrated circuit Includes the steps of fomriing a semi- 
conductor element on a semiconductor substrate at- 
taching a film member on the semiconductor element, 
separating the semiconductor element together with the 
film member from the semiconductor substrate, and ap- 
plying an adhesive composition to at least one of the 
semiconductor element and a member on which the 



semiconductor element is mounted. The method may 
further Include the steps of temporary fixing the semi- 
conductor element and the member, separating the film 
member from the semiconductor element, and com- 
pletely fixing the semiconductor element and the mem- 
ber In the method, It is preferable that the adhesive 
composition Include fine powder of diamond, silicon, 
gold, silver, copper, aluminum nitride, etc. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[GG01] The present invention relates to semiconduc- 
tor Integrated circuits, methods for manufacturing sem- 
iconductor integrated circuits, electrooptic devices, and 
electronic devices. More spaciftcalty, the present inven- 
tion relates to a method for transferring a semiconductor 
element onto an object having material properties dif- 
ferent from those of the semiconductor element such 
as a substrate. 

2. Description of Related Art 

[0002] Techniques relating to the formation of a sem- 
iconductor element on a substrate, which has material 
properties different from those of the semiconductor el- 
ement, have been proposed in the field. Such tech- 
niques include, for instance, formation of a vertical cav- 
ity surface emitting laserdiode (VCSEL), a photodiode 
(PD), or a high electron mobility transistor (HEMT) on a 
silicon semiconductor substrate, and attachment of a 
micro-silicon transistor, instead of a thin film transistor 
(TFT) of each pixel of a liquid crystal display (LCD), onto 
a glass substrate. 

[0003] Examples of the integrated circuits including 
such a semiconductor having different material proper- 
ties include an optoelectronic integrated circuit (OEIC). 
The optoelectronic integrated circuit is an integrated cir- 
cuit having an optical input/output means. Signal 
processing in the OEIC is electrically performed where- 
as light is used for input and output processes of the 
OEIC. 

[0004] On the other hand, CPU internal operation 
speed (intemal clocks) in computers has been improved 
each year due to progress in fine pitch connection in the 
intemal structure of an integrated circuit. However, the 
improvements in signal transmittance rate in a bus has 
neariy reached its limit, and this has become a bottle 
neck in improving the processing rate of a computer. If 
the signal transmission can be performed using an op- 
tical signal in the bus, it becomes possible to significant- 
ly improve the limit on the processing rate of a computer. 
In order to realize this, it is necessary to integrate minute 
light emitting/detecting diodes into an integrated circuit 
made of silicon. 

[0005] However, since silicon is an indirect transition 
semiconductor, it cannot emit light by itself. Accordingly, 
it is necessary to form an integrated circuit by combining 
silicon with another semiconductor light emitting diode. 
[0006] The VCSEL made from a GaAs compound 
semiconductor, etc.. may be favorably used as a semi- 
conductor light emitting diode. However, it is extremely 
difficult to directly form the VCSEL on a silicon integrat- 
ed circuit using a ssmiccnductcr process, such as epi- 



taxy, since the VCSEL does not match the lattice struc- 
ture of silicon. 

[0007] In general, the VCSEL is formed on a GaAs 
substrate. Thus, a method has been considered in 
5 which an electric signal transmission circuit is merged 
with an optical signal transmission circuit by making the 
VCSEL on the GaAs substrate into a chip and mechan- 
ically mounting the chip on a silicon integrated circuit 
substrate. 

10 [0008] On the other hand, it is preferable that the size 
of the VCSEL chip on an integrated circuit be as small 
as possible from the viewpoint of effectively using the 
surface of the semiconductor substrate on which the in- 
tegrated circuit is formed, and of readiness in handling 

15 the chip after joining . It is ideal for the size of the chip to 
be about the same size as a monolithic integrated cir- 
cuit, i.e., dimensions of a few p.m in thickness x a few 
tens of nm2 in surface area. However, according to con- 
vention semiconductor mounting techniques, the size of 

20 a chip that can be handled is greater than a few tens of 
pan in thickness x a few hundreds of jim^ in surface area. 
[0009] In relation to the above, there are techniques 
described in "Electronics", pp. 37-40, (Oct.. 2000) and 
in "Denshi Joho Tsushin Gakkai Ronbunn-shi (The In- 

25 stitute of Electronics, Information and Communication 
Engineers Joumal), 2001/9. Vol. J84-C No. 9. In the 
techniques described in the above publications, a sut>- 
strate is removed by abrasion, and only a functional lay- 
er (a few ^m thick) of an extreme surface layer, which 

30 becomes a semiconductor element, is transferred onto 
another supporting substrate. Then, the functional layer 
is formed into a desired size using handling and photo- 
lithography techniques, and is joined to a final substrate. 
In this manner, a semiconductor layer (a functional lay- 

35 er) a few ^m thick, which becomes a target semicon- 
ductor element, is formed on a desired position of the 
final substrate. This is processed using a normal semi- 
conductor process, and is made into a product by at- 
taching electrodes, etc. 

40 [0010] Problems associated with the conventional 
techniques described in the above publications include 
that a supporting substrate of a rigid body becomes nec- 
essary since the semiconductor substrate is removed 
by abrasion. For this reason, it becomes necessary to 

45 carry out the joining process to the final substrate at one 
time for the whole surface. That is, semiconductor mem- 
branes at all portions other than the portions that be- 
come finally necessary must be removed prior to the 
joining process. Accordingly, a number of steps become 

50 necessary and the process becomes complicated. Also, 
since the portion that is joined is mere a functional layer, 
it is necessary to perform a semiconductor process after 
the joining process. Therefore, a numt>er of steps l)e- 
come necessary for treating the final substrate one by 

55 one. especially when the arrangement of target semi- 
conductor elements is not very dense. 
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SUMMARY OF THE INVENTION 

[001 1] The present invention takes into consideration 
the above-mentioned circumstances, and it has as an 
object to solve the above problems generated when a 
semiconductor element is formed on an object having 
material properties different from those of the semicon- 
ductor element, and to provide semiconductor integrat- 
ed circuits, methods for manufacturing the semiconduc- 
tor integrated circuit, eleclrooptic devices, and electron- 
ic devices by which unnecessary activity in the manu- 
facturing process of the integrated circuit can be re- 
duced, and the semiconductor element may be joined 
to the object with high positional accuracy in an efficient 
manner. 

[0012] In order to achieve the above object, the first 
aspect of the present invention provides a method for 
manufacturing a semiconductor integrated circuit in- 
cluding the steps of forming a semiconductor element 
on a semiconductor substrate; attaching a film member 
on the semiconductor element; separating the semicon- 
ductor element together with the film member from the 
semiconductor substrate, and applying an adhesive 
composition to at least one of the semiconductor ele- 
ment and a member on which the semiconductor ele- 
ment is mounted. 

[0013] According to the above method for manufac- 
turing a semiconductor integrated circuit, it becomes 
possible to fonm an integrated circuit by separating the 
semiconductor elements in the shape of micro tiles, and 
joining the semiconductor elements to an art^itrary ob- 
ject. Here, the semiconductor element may be a silicon 
semiconductor, or silicon semiconductor, and the object 
to which the semiconductor element is joined may be a 
silicon semiconductor substrate, a compound semicon- 
ductor substrate, or other substances. According to the 
present invention, it becomes possible to form a semi- 
conductor element on a substrate having different ma- 
terial properties of the semiconductor element, such as 
the case where a GaAs VCSEL or photodiode is formed 
on a silicon semiconductor substrate. Also, since the 
semiconductor elements are separated in the shape of 
micro tiles after they are completed on the semiconduc- 
tor substrate, it becomes possible to conduct a selection 
test on the semiconductor elements prior to forming an 
integrated circuit. 

[0014] Also, it is preferable that the above method for 
manufacturing a semiconductor integrated circuit fur- 
ther includes the steps of temporary fixing the semicon- 
ductor element and the member, separating the film 
member from the semiconductor element, and com- 
pletely fixing the semiconductor element and the mem- 
ber. 

[0015] Moreover, in the above method for manufac- 
turing a semiconductor integrated circuit, the adhesive 
composition may include a fine powder. 
[0016] According to the above method, the thermal 
conductivity of the adhesive composition can be in- 



4 

creased by mixing therewith a fine powder of diamond, 
silicon, gold, silver, copper, aluminum nitride, etc.. as a 
filler. Also, if the particle size of the filler is controlled, a 
uniform thickness of the adhesive layer may be stably 
5 secured between the semiconductor element and the 
member. Accordingly, it becomes possible to join the 
semiconductor element parallel to the member. 
[0017] The present invention also provides a method 
for manufacturing a semiconductor integrated circuit in- 
to eluding the steps of forming a semiconductor element 
on a semiconductor substrate; attaching a film member 
on the semiconductor element; separating the semicon- 
ductor element together with the film member from the 
semiconductor substrate; fonming a joining layer on a 
15 surface of a member on which the semiconductor ele- 
ment is mounted; applying a solution to the joining layen 
placing the semiconductor element on a portion of the 
joining layer where the solution has been applied, and 
mounting the semiconductor element on the member. 
20 [0018] The present invention also provides a method 
for manufacturing a semiconductor integrated circuit in- 
cluding the steps of forming a semiconductor element 
on a semiconductor substrate; attaching a film member 
on the semiconductor element; separating the semicon- 
25 ductor element together with the film member from the 
semiconductor substrate; fomiing a first joining layer on 
the semiconductor element, and a second joining layer 
on a surface of a member on which the semiconductor 
element is mounted, and dissolving at least one of the 
30 first joining layer and the second joining layer so that the 
semiconductor element is mounted on the member us- 
ing a dissolved layer as a joining surface. 
[0019] The present invention also provides a method 
for manufacturing a semiconductor integrated circuit in- 
35 eluding the steps of forming a semiconductor element 
on a semiconductor substrate; attaching a film member 
on the semiconductor element; separating the semicon- 
ductor element together with the film member from the 
semiconductor substrate; closely contacting the semi- 
40 conductor element and a member on which the semi- 
conductor element is mounted, and applying voltage of 
about 500 to 2,000 V between the semiconductor ele- 
ment and the member so that the semiconductor ele- 
ment is joined to the member. 
45 [0020] The present invention also provides a method 
for manufacturing a semiconductor integrated circuit in- 
cluding the steps of forming a semiconductor element 
on a semiconductor substrate; attaching a film member 
on the semiconductor element; separating the semicon- 
50 ductor element together with the film member from the 
semiconductor substrate, and placing a plurality of the 
semiconductor elements substantially at the same time 
on a desired member using a plurality of collets. 
[0021 ] According to the above method, since the sem- 
55 iconductor element is separated from the semiconduc- 
tor substrate in the shape of a micro tile, and it is handled 
by being mounted on the film member, it becomes pos- 
sible to select the semiconductor elements individually 
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to be joined to the final substrate. Also, the size of the 
semiconductor elements which can be handled may be 
decreased as compared with that of conventional 
mounting techniques. 

[0022] Also, according to the above method, it be- 
comes possible to select one or plurality of desired sem- 
iconductor elements among the plurality of semiconduc- 
tor elements which are attached to the film member, and 
to join the selected semiconductor elements to the final 
substrate at the same time. In this manner, it becomes 
possible to adjust the position of each of the semicon- 
ductor elements to be joined to the final substrate with 
high accuracy. It also becomes possible to very densely 
join a plurality of the semiconductor elements to the final 
substrate at high speed. 

[0023] In yet another aspect of the present invention, 
it is preferable that the above method for manufacturing 
a semiconductor integrated circuit further include the 
step of reducing pressure of a side of the film member 
opposite another side of the film member to which the 
plurality of the semiconductor elements are attached, 
and curving portions of the film member between each 
of the semiconductor elements toward the side of the 
film member at which the pressure is reduced. 
[0024] According to the above method, it becomes 
possible to prevent substances other than the con-e- 
spondlng semiconductor element (for instance, the oth- 
er semiconductor elements, the film member, etc.). 
which Is pressed by the respective collet, from making 
contact with the final substrate. Accordingly, it becomes 
possible to select one or plurality of desired semicon- 
ductor elements among the plurality of semiconductor 
elements attached to the film member, and to join the 
selected semiconductor elements to the final substrate 
at the same time. In this manner, it becomes possible to 
adjust the position of each of the semiconductor ele- 
ments to be joined to the final substrate with high accu- 
racy. It also becomes possible to very densely join a plu- 
rality of the semiconductor elements to the final sub- 
strate. 

[0025] The present invention also provides a semi- 
conductor Integrated circuit including a semiconductor 
element, and a member Including a circuit which is con- 
nected to the semiconductor element, wherein the sem- 
iconductor element is joined to the member using the 
above method for manufacturing a semiconductor inte- 
grated circuit. 

[0026] The present invention also provides an elec- 
trooptic device including the above semiconductor inte- 
grated circuit. 

[0027] In yet another aspect of the present invention, 
it Is preferable that the above electrooptic device further 
include a plurality of scan lines and data lines which are 
formed in a matrix: a switching device connected to the 
scan lines and data lines: and a pixel electrode connect- 
ed to the switching device. 

[0028] According to the above electrooptic device, it 
becomes possible, as each pixel of a liquid crystal dis- 



play, which is an electrooptic device, instead of a thin 
film transistor (TFT), to attach a micro-silicon transistor 
(a semiconductor element), using the manufacturing 
method according to the present invention. In this man- 
5 ner. it becomes possible to obtain a switching function, 
the performance of which is superior to the case where 
the TFT is employed. Since the proportion of the area 
of the transistor In a pixel of a liquid crystal display is 
only a few percent, the rest of the pixel area other than 
10 the TFT area becomes useless if the entire surface of 
the pixel is formed using a TFT process. By using the 
manufacturing method according to the present inven- 
tion, on the other hand, it becomes possible to minimize 
the useless area by densely forming the micro silicon 
15 transistors (semiconductor elements) on a silicon sub- 
strate, dividing the transistors using the separation lay- 
ers and the sacrificial layers, and attaching the transis- 
tors only to necessary portions. Accordingly, the manu- 
facturing cost can be significantly reduced. 
20 [0029] In yet another aspect of the present invention, 
it is preferable that the above electrooptic device further 
Include a light emitting element. 
[0030] According to the above electrooptic device, it 
becomes possible, as each pixel of an organic electro- 
25 luminescent device, which is an electrooptic device, In- 
stead of a thin film transistor (TFT), to attach a micro- 
silicon transistor (a semiconductor element), using the 
manufacturing method according to the present Inven- 
tion. In this manner, it becomes possible to obtain a 
30 switching function, the performance of which is better 
than the case where the TFT is employed. Since the pro- 
portion of the area of the transistor in a pixel of an elec- 
troluminescent device is only a few percent, the rest of 
the pixel area other than the TFT area becomes useless 
35 if the entire surface of the pixel is fomned using a TFT 
process. By using the manufacturing method according 
to the present invention, on the other hand, it becomes 
possible to minimize the useless area by densely form- 
ing the micro silicon transistors (semiconductor ele- 
40 ments)on a silicon substrate, dividing the transistors us- 
ing the separation layers and the sacrificial layers, and 
attaching the transistors only to necessary portions. Ac- 
cordingly, the manufacturing cost can be significantly re- 
duced. 

45 [0031] The present invention also provides an elec- 
tronic device including the above electrooptic device. 
[0032] According to the above electronic device, the 
size thereof can be reduced, and it becomes possible 
to perfbnm signal processing at high speed. Also, it be- 
so comes possible to reduce manufacturing cost of the 
electronic device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 [0033] Some of the features and advantages of the 
invention having been described , others will become ap- 
parent from the detailed description which follows, and 
from the accompanying drawings, in v/hich: 
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FIG. 1 is a diagram showing a schematic cross-sec- 
tional view showing the first step of a method for 
manufacturing a semiconductor integrated circuit 
according to the first embodiment of the present in- 
vention; 

FIG. 2 is a diagram showing a schematic cross-sec- 
tional view showing the second step of a method for 
manufacturing a semiconductor integrated circuit 
according to the first embodiment of the present in- 
vention; 

FIG. 3 is a diagram showing a schematic cross-sec- 
tional view showing the third step of a method for 
manufacturing a semiconductor integrated circuit 
according to the first embodiment of the present in- 
vention; 

FIG. 4 is a diagram showing a schematic cross-sec- 
tional view showing the fourth step of a method for 
manufacturing a semiconductor integrated circuit 
according to the first embodiment of the present In- 
vention; 

FIG. 5 is a diagram showing a schematic cross-sec- 
tional view showing the fifth step of a method for 
manufacturing a semiconductor integrated circuit 
according to the first embodiment of the present in- 
vention; 

FIG. 6 Is a diagram showing a schematic cross-sec- 
tional view showing the sixth step of a method for 
manufacturing a semiconductor integrated circuit 
according to the first emt>odiment of the present In- 
vention; 

FIG 7 Is a diagram showing a schematic cross-sec- 
tional view showing the seventh step of a method 
for manufacturing a semiconductor integrated cir- 
cuit according to the first embodiment of the present 

invention; 

FIG 8 is a diagram showing a schematic cross-sec- 
tional view showing the eighth step of a method for 
manufacturing a semiconductor integrated circuit 
according to the first embodiment of the present in- 
vention; 

FIG. 9 is a diagram showing a schematic cross-sec- 
tional view showing the ninth step of a method for 

manufacturing a semiconductor integrated circuit 
according to the first embodiment of the present in- 
vention; 

FIG. 10 is a diagram showing a schematic cross- 
sectional view showing the eleventh step of a meth- 
od for manufacturing a semiconductor integrated 
circuit according to the first embodiment of the 
present Invention; 

FIG. 11 is a diagram showing a schematic cross- 
sectional view for explaining a joining method which 
is applied to the above method for manufacturing a 
semiconductor Integrated circuit according to the 
first embodiment of the present invention; 
FIG. 12 is a diagram showing a schematic perspec- 
tive view of an embodiment of an integrated circuit 
produced by the manufacturing method according 



to the present invention; 

FIG 13 is a diagram showing a schematic cross- 
sectional view of an eiectrooptic device according 
to the embodiment of the present invention; 
FIG 14 is a circuit diagram showing an active matrix 
type displaying device; 

FIG. 15 is a diagram showing an embodiment of an 
electronic device including the eiectrooptic device 
according to the embodiment of the present inven- 
tion; 

FIG. 16 Is a diagram showing another embodiment 
of the electronic device including the eiectrooptic 
device according to the embodiment of the present 

invention; 

FIG. 17 is a diagram showing yet another embodi- 
ment of the electronic device including the eiec- 
trooptic device according to the embodiment of the 
present invention; and 

FIG. 18 Is a diagram showing a schematic perspec- 
tive view of an example of conventional hybrid inte- 
grated circuits. 

DETAILED DESCRIPTION OF THE INVENTION 

[0034] The invention summarized above and defined 
by the enumerated claims may be better understood by 
referring to the following detailed description, which 
should be read with reference to the accompanying di- 
agrams. This detailed description of particular preferred 
embodiments, set out below to enable one to build and 
use one particular implementation of the Invention, is not 
intended to limit the enumerated claims, but to serve as 
specific examples thereof. 

[0035] Hereinafter, a method for manufacturing a 
semiconductor integrated circuit according to an em- 
bodiment of the present invention will be described with 
reference to FIGS. 1 to 10. Although explanation will be 
made for the case in which a compound semiconductor 
device (compound semiconductor element) is joined on- 
to a silicon-LSI chip in the first embodiment according 
to the present invention, the present invention may be 
applied regardless of the kind of semiconductor device 
and the LSI chip. Note that the term "semiconductor sut>- 
strate" used In the embodiments of the present invention 
means an object made of a semiconductor material The 
shape of the semiconductor substrate Is not particulariy 
limited, and a semiconductor material having other than 
a plate shape is included in the "semiconductor sub- 
strate". 

First Embodiment 

First Step: 

[0036] FIG. 1 is a diagram showing a schematic 
cross-sectional view for explaining the first step of a 
method for manufacturing a semiconductor integrated 
circuit according to the embodiment of the present in- 
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ventton. In FIG. 1, a substrate 10 is a semiconductor 
substrate, and in this embodiment, the substrate 10 is 
a GaAs compound semiconductor substrate. A sacrifh 
ciai layer 11 is disposed as the lowest layer in the sub- 
strate 10. The sacrificial layer 11 is made of aluminum- 
arsenic (A! As) and has a thickness of about several hun- 
dred nm, for example. 

[0037] A functional layer 12 may be disposed on the 
sacrificial layer 11. The thickness of the functional layer 
12 is, for instance, t>etween about 1 to 20 \im. A semi- 
conductor device (semiconductor element) 13 is formed 
on the functional layer 12. Examples of the semiconduc- 
tor device 13 include, for instance, a light emitting diode 
(LED), a vertical cavity surface emitting laserdiode (VC- 
SEL), a photodrode (PD), a high electron mobility tran- 
sistor (HEMT), and a high electron mobility transistor 
(HEMT). In all of these semiconductor devices 13, a 
semiconductor element is formed by laminating a plu- 
rality of epitaxial layers on the substrate 10. Also, elec- 
trodes are attached to each of the semiconductor devic- 
es 13 and operation tests are performed. 

Second Step: 

[0038] FIG. 2 is a diagram showing a schematic 
cross-sectional view for explaining the second step of 
the method for manufacturing a semiconductor integrat- 
ed circuit according to the embodiment of the present 
invention. In this step, separation grooves 21 are formed 
so as to divide each of the semiconductor devices 13. 
Each separation groove 21 has a depth deep enough to 
reach at least the sacrificial layer 11 . Both the width and 
depth of the separation groove 21 may be, for Instance, 
in the range of about 10 to several hundred \im. Also, 
the separation grooves 21 are connected to each other 
so that a selective etching solution, which will be de- 
scribed later, will flow in the separation grooves 21. 
Moreover, it is preferable that the separation grooves 21 
be formed in a grid. 

[0039] Also, the distance between the separation 
grooves 21 is adjusted to be about several tens to sev- 
eral hundred fun so that each of the semiconductor de- 
vices 21 divided and separated by the separation 
grooves 21 have a size of about several tens to several 
hundred nm^. The separation grooves 21 may be 
formed using a photolithography method combined with 
a wet etching method, or a dry etching method. Moreo- 
ver, the separation grooves 21 may also be formed by 
dicing of a U-shape groove as long as no cracks are 
generated on the substrate. 

[0040] In the formation of the separation grooves 21 . 
a sulfuric acid type etching solution may be used for wet 
etching, and a chlorine gas may be used for dry etching. 
Since the pattern dimension of the separation groove 
21 is large and accuracy is not very important, etching 
masks need not be formed using the photolithography. 
That is. the etching masks may be formed using, for in- 
stance, the of^ei printing. In the formation of the sepa- 



ration grooves 21. the direction of the separation 
grooves 21 with respect to the crystal orientation of the 
substrate 10 is important. 

5 Third Step: 

[0041] FIG. 3 is a diagram showing a schematic 
cross-sectional view for explaining the third step of the 
method for manufacturing a semiconductor integrated 

10 circuit according to the embodiment of the present in- 
vention, tn this step, an intermediate transfer film 31 is 
attached to a surface (the semiconductor device 13 
side) of the substrate 10. The intemnediate transfer film 
31 is a flexible band-shape film, the surface of which is 

15 coated with an adhesive. 

Fourth Step: 

[0042] FIG. 4 is a diagram showing a schematic 
20 cross-sectionat view for explaining the fourth step of the 
method for manufacturing a semiconductor integrated 
circuit according to the embodiment of the present in- 
vention. In this step, a selective etching solution 41 is 
filled in the separation grooves 21 . tn order to selectively 
25 etch only the sacrificial layer 11 , low concentration hy- 
drochloric acid having high selectivity to aluminum-ar- 
senic is used as the selective etching solution 41 . Al- 
though it is possible to use low concentration hydrogen 
fluoride as the selective etching solution 41 , it is prefer- 
30 able to use hydrochloric acid from the viewpoint of se- 
lectivity. 

Fifth Step: 

35 [0043] FIG 5 is a diagram showing a schematic cross- 
sectional view for explaining the fifth step of the method 
for manufacturing a semiconductor integrated circuit ac- 
cording to the embodiment of the present invention. In 
this step, after a predetermined period of time has 

40 elapsed since the application of the selective etching so- 
lution 41 to the separation grooves 21 in the fourth step, 
the whole sacrificial layer 11 is removed from the sub- 
strate 10 using the selective etching process. After this, 
pure water is introduced to the portions where the sep- 

45 aration grooves 32 and the sacrificial layer 11 were 
present to rinse the portions. 

Sixth Step: 

50 [0044] FIG. 6 is a diagram showing a schematic 
cross-sectional view for explaining the sixth step of the 
method for manufacturing a semiconductor integrated 
circuit according to the embodiment of the present in- 
vention. When all of the sacrificial layers 11 are etched 

55 in the fifth step, the functional layers 12 are separated 
from the substrate 10. In this step, the functional layers 
12 attached to the intermediate transfer film 31 are sep- 
arated from the substrate 10 by separating the interme- 
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diate transfer film 31 from the substrate 10. 
[0045] In this manner, the functional layers 12 on 
which the semiconductor devices 13 are formed are 
separated by the formation of the separation grooves 
21 and the etching of the sacrificial layer 11 to be formed 
as a semiconductor element of a predetermined shape, 
for instance, a micro tile shape, which will also be re- 
ferred to as a micro tile element 61 hereinafter, and are 
attached and supported by the intermediate transfer film 
31 . Here, it Is preferable that the thickness of the func- 
tional layer be in the range of about 1 to 8 ^m, and the 
dimensions (i.e., length and width) thereof be in the 
range of about several tens to several hundred ^m. for 
instance. 

[0046] Also, it is possible to recycle the substrate 10, 
from which the functional layers 12 are separated, for 
the formation of another semiconductor device. Moreo- 
ver, the above-mentioned first to sixth steps may be re- 
peated by providing a plurality of the sacrificial layers 11 
in advance, and hence, the micro tile elements 61 may 
be repeatedly produced. 

Seventh Step: 

[0047] FIG. 7 is a diagram showing a schematic 
cross-sectional view for explaining the seventh step of 
the method for manufacturing a semiconductor integrat- 
ed circuit according to the embodiment of the present 
invention. In this step, the micro tile elements 61 are 
aligned at desired positions on a final substrate 71 by 
transferring the intermediate transfer film 31 to which the 
micro tile elements 61 are attached. Here, the final sub- 
strate 71 Is made of a silicon semiconductor, and an LSI 
area 72 has been provided with the final substrate 71 . 
Also, an adhesive composition 73 for adhering the micro 
tile elements 61 is applied to desired positions on the 
final substrate 71. 

Eighth Step: 

[0048] FIG. 8 is a diagram showing a schematic 
cross-sectional view for explaining the eighth step of the 
method for manufacturing a semiconductor integrated 
circuit according to the embodiment of the present in- 
vention. In this step, the micro tile elements 61, which 
have been aligned at desired positions on the final sub- 
strate 71 , are pressed against the final substrate 71 via 
the intermediate transfer film 31 using a collet 81 so that 
the micro tile elements 61 are joined to the final sub- 
strate 71 . Here, since the adhesive composition 73 is 
applied to the desired positions on the final substrate 
71 , the micro tile elements 61 are attached to the desired 
positions on the final substrate 71. Note that although 
the adhesive composition is used as a means for adher- 
ing the micro tile elements 61 on the final substrate 71 , 
it is possible to use other adhering means. 
[0049] Methods for adhering (joining) the micro tile el- 
ements 61 onto the final substrate 71 will be explained 



in detail later. 
Ninth Step: 

5 [0050] FIG. 9 is a diagram showing a schematic 
cross-sectional view for explaining the ninth step of the 
method for manufacturing a semiconductor integrated 
circuit according to the embodiment of the present in- 
vention. In this step, the intermediate transfer film 31 is 

10 separated from the micro tile elements 61 by eliminating 
the adhesive power from the intermediate transfer film 
31. 

[0051] A UV curable adhesive composition or a ther- 
mosetting adhesive composition may be used for the 

15 adhesive composition on the intermediate transfer film 
31 . When the UV curable adhesive composition is used, 
the collet 81 is made of a transparent material so that 
the adhesive power of the intermediate transfer film 31 
may be eliminated by irradiating ultraviolet (UV) rays 

20 from an end of the collet 81. When the thermosetting 
adhesive composition is used, it is sufficient to heat the 
collet 81 to eliminate the adhesive power. Also, it is pos- 
sible to eliminate the adhesive power of the intermediate 
transfer film 31 by irradiating the entire surface of the 

25 transfer film 31 using the ultraviolet rays after the sixth 
step. After the elimination process, the adhesive power 
still slightly remains and the micro tile elements 61 can 
be supported by the intermediate transfer film 31 since 
the elements 61 are very thin and light. 

30 

Tenth step: 

[0052] This process is not shown in the figure. In this 
step, the micro tile elements 61 are firmly joined to the 
35 final substrate 71 by subjecting them to a heating proc- 
ess, etc. 

Eleventh Step: 

40 [0053] FIG. 10 is a diagram showing a schematic 
cross-sectional view for explaining the eleventh step of 
the method for manufacturing a semiconductor integrat- 
ed circuit according to the embodiment of the present 
invention. In this step, the electrodes of the micro tile 

45 elements 61 are electrically connected to the circuit on 
the final substrate 71 via wiring 91 to form an LSI chip. 
[0054] As the final substrate 71, not only the silicon 
semiconductor but also a quartz substrate or a plastic 
film may be applied. When the silicon semiconductor is 

50 applied as the final substrate 71 , it Is possible to make 
it a substrate having a charge coupled device (CCD). 
When a glass substrate, such as one of quartz, is ap- 
plied as the final substrate 71 , it may be used for liquid 
crystal displays (LCDs) or organic electroluminescent 

55 displays. Also, when the plastic film is applied as the 
final substrate 71, this may be used for LCDs, organic 
electroluminescent panels, or IC film packages. 
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Second Embodiment 

[0055] Next, In the second embodiment of the present 
invention, the case In which a silicon transistor (a silicon 
semiconductor element) is attached to a glass substrate 5 
for liquid crystal will be explained. The first to eleventh 
steps of the second embodiment correspond to the first 
to eleventh steps of the first embodiment- The significant 
difference between the first and second embodiments 
is that the method used for selectively etching the sac- io 
rificial layer in the fourth step is different. 
[0056] In the first step of the second embodiment, a 
silicon transistor is fomied on a silicon-on-insulator 
(SOI) substrate using an ordinary process. Here, it is 
possible to fomi an integrated circuit which is a silicon ^5 
device, a photodiode. a transistor, or a diode instead of 
the silicon transistor. A silicon oxide membrane which 
becomes a sacrificial layer is provided with the SOI sub- 
strate. 

[0057] In the second step, separation grooves are 20 
formed on the SOI substrate. Each separation groove 
has a depth deep enough to reach at least the silicon 
oxide membrane which becomes the sacrificial layer in 
the SOI substrate. The separation grooves may be 
formed using a method, such as an etching. 25 
[0058] In the third step, an intermediate transfer film 
is attached to a surface (the silicon transistor side) of 
the SOI substrate. 

[0059] In the fourth step, hydrogen fluoride is intro- 
duced to the separation groove in order to selectively 30 
etch only the silicon oxide membrane which forms the 
sacrificial layer. 

[0060] In the fifth step, after a predetermined period 
of time has elapsed since the completion of the fourth 
step, the sacrificial layer made of the silicon oxide mem- 
brane Is etched to separate the silicon transistor (silicon 
semiconductor element) from the silicon substrate. 
[0061] In the sixth step the silicon transistor attached 
to the intermediate transfer film is separated from the 
SOI substrate by separating the intermediate transfer 
film from the SOI substrate. 

[0062] In the seventh step, the silicon transistors are 
aligned at desired positions on the final substrate by 
moving the intermediate transfer film. Here, a glass sub- 
strate for liquid crystal is used as the final substrate. 
[0063] In the eighth step, the silicon transistors 
aligned at desired positions on the final substrate are 
joined to the final substrate by pressing against the final 
substrate via the intermediate transfer film using a collet. 
Here, since an adhesive composition has been applied 
to the desired positions, each of the silicon transistors 
is adhered to the desired position on the final substrate. 
[0064] Methods for adhering (joining) the silicon tran- 
sistor onto the final substrate will be explained in detail 
later. 

[0065] In the ninth step, the adhesive power of the in- 
termediate transfer film is eliminated to separate the in- 
tended iate transfer film from the silicon transistor. 



[0066] In the tenth step, the silicon transistor is com- 
pletely joined to the final substrate by subjecting the 
transistor to a heating process, and so forth. 
[0067] In the eleventh step, the electrodes of the tran- 
sistor are connected to the circuit on the final substrate 
via wiring to form the glass substrate for liquid crystal, 
a driving circuit therefor, and so forth. 
[0068] Note that techniques used in the fifth to elev- 
enth steps of the first embodiment of the present inven- 
tion may also be used for the fifth to eleventh steps of 
the second emt>odiment. Joining Method: 
[0069] Next, the method for joining (adhering) the mi- 
cro tile elements 61 onto the final substrate 71 , which is 
carried out in the above embodiments, particulariy in the 
seventh and eighth steps, will be explained in detail lat- 
er. 

Joining Process using Adhesives: 

[0070] An adhesive composition 73, such as an ultra- 
violet curable resin, thermosetting resin, and polyimide 
is applied to one of the micro tile elements 61 and the 
final substrate 71. 

[0071] Then, the micro tile elements 61 and the final 
substrate 71 are closely contacted via the adhesive 
composition 73. Ultraviolet rays are irradiated onto the 
portion of the adhesive composition 73. which has been 
protruded, to cure that portion of the adhesive compo- 
sition so that the micro tile elements 61 Is temporary at- 
tached to the final substrate 71 . 

[0072] In another temporary attaching method, the 
micro tile elements 61 and the final substrate 71 are 
closely contacted via the adhesive composition 73, and 
then the adhesive force between the intermediate trans- 
fer film 31 and the micro file elements 61 is sufficiently 
reduced to achieve the temporary attachment using the 
viscosity of the adhesive composition 73. 
[0073] Also, In yet another temporary attaching meth- 
od, the micro tile elements 61 and the final substrate 71 
are closely contacted via the adhesive composifion 73, 
and in this state the collet 81 or the final substrate 71 is 
heated to cure the adhesive composition 73 to achieve 
the temporary attachment. 

[0074] After the above temporary attachment proc- 
ess, the intermediate transfer film 31 is separated from 
the micro file elements 61, and then the adhesive com- 
posifion 73 portion is heated to completely fix the micro 
file elements 61 onto the final substrate 71. 
[0075] It is problematic tiiat the thermal conductivity 
of a resin, which functions as the adhesive composition 
73, is small. Accordingly, the thermal conductivity of the 
adhesive composifion 73 is increased by mixing there- 
with a fine powder of diamond, silicon, gold, silver, cop- 
per, aluminum nitride, etc., as a filler. Also, if the particle 
size of the filler is controlled so that it acts as a spacer, 
a uniform thickness of the adhesive layer may be stably 
secured between the micro tile elements 61 and the final 
substrate 71 . Accordingly, it becomes possible to join 
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the micro tile elements 61 parallel to the final substrate 
71. 

Joining Process using water glass: 

5 

[0076] In this process, a silicon oxide (Si02) mem- 
brane is formed in advance on the surface of the final 
substrate 71 to be joined to the micro tile elements 61 , 
or the joining surface of the final substrate 71 is made 
as a glass. Then, a sodium silicate solution is applied to 
the joining surface of the final substrate 71 or to the mi- 
cro tile elements 61 , and the micro tile elements 61 are 
closely contacted the final substrate 71 . After this, when 
the contacted portion is heated to about 80*" C, glassy 
materials are formed at the interface, and the micro tile ^5 
elements 61 are joined to the final substrate 71 . 

Solid Joining Process: 

[0077] On the joining surface of the micro tile ele- 20 
ments 61, aluminum-gallium-arsenic (AIGaAs) is 
formed, and on the joining surface of the final substrate 
71 , silicon oxide (Si02) membrane is formed, or the sur- 
face is made a glass. Then, the micro tile elements 61 
are closely contacted with the final substrate 71 via di- 25 
luted hydrogen fluoride added to pure water (diluted 
HF). In this manner, the diluted hydrogen fluoride added 
to pure water (diluted HF) slightly dissolves the joining 
surface of both the micro tile elements 61 and the final 
substrate 71, and the micro tile elements 61 are at- 30 
tached to the final substrate 71 . 

Anode Joining Process: 

[0078] In this process, the micro tile elements 61 are 35 
closely contacted with the final substrate 71 , and a volt- 
age between 500 to 2,000 V is applied between the mi- 
cro tile elements 61 and the final substrate 71 to heat 
the close contacted portion so that the micro tile ele- 
ments 61 are joined to the final substrate 71 . ^ 
[0079] Normally, the temperature of about 400''C is 
required for the joining process; however, according to 
this embodiment of the present invention, the limit of the 
heating temperature during the joining process Is deter- 
mined by the heat resisting temperature of the interme- 45 
diate transfer film 31 . 

Selective Batch Mode Joining Process: 

[0080] FIG. 11 is a diagram showing a schematic so 
cross-sectional view for explaining this joining method. 
In this process, both ends of the intemiediate transfer 
film 31 are supported by a film retaining frame 31a. Also, 
a plurality of micro tile elements 61 (not shown in the 
figure) are attached to the intermediate transfer film 31 55 
with predetermined intervals therebetween. In this em- 
bodiment, each of the micro tile elements 61 is attached 
to the lower surface of the intermediate transfer film 31 



in the figure (i.e., the oppsite side of the surface to which 
a plurality of the collets 81' make contact) at portions 
corresponding to the contacting portion of the respective 
collet 81*. 

[0081] Then, a plurality of the micro tile elements 61 
are pressed against the final substrate 71 at the same 
time via the intermediate transfer film 31 by moving the 
plurality of collets 81* towards the final substrate side 71 
(i.e.. the downward direction in the figure) at the same 
time so that the plurality of the micro tile elements 61 
are joined to the final substrate 71 at the same time. 
[0082] In this embodiment, when the plurality of col- 
lets 81 • are moved towards the final substrate side 71 
at the same time, the pressure applied to the surface of 
the intermediate transfer film 31 to which the collets 81* 
make contact is decreased so that the intermediate 
transfer film 31 is drawn in the direction indicated by the 
arrows P. Accordingly, portions of the intermediate 
transfer film 31 are curved In the direction indicated by 
the arrows P as shown in the figure. In this manner, It 
becomes possible to prevent substances other than the 
corresponding micro tile element 61 (for instance, the 
other micro tile elements 61, the intermediate transfer 
film 31 , etc.), which is pressed by the respective collet 
81'. from making contact with the final substrate 71. 
[0083] Also, according to the above selective batch 
mode joining process. It becomes possible to select one 
or plurality of desired micro tile elements 61 firom the 
plurality of micro tile elements 61 attached to the inter- 
mediate transfer film 31, and to join the selected micro 
tile elements 61 to the final substrate 71 at the same 
fime. 

[0084] In this manner, it becomes possible to adjust 
the position of each of the micro tile elements 61 to be 
joined to the final substrate 71 with high accuracy. It also 
becomes possible, according to the embodiment of the 
present invention, to very densely join a plurality of the 
micro tile elements 61 to the final substrate 71 . 
[0085] According to the method for manufacturing 
semiconductor integrated circuit of the above embodi- 
ments of the present invention, it becomes possible to 
monolithicalty form a semiconductor element on a sem- 
iconductor substrate, which is difficult by using a con- 
ventional monolithic manufacturing process. 
[0086] In order to form a semiconductor element on a 
substrate having different material properties, such as 
for the case where a vertical cavity surface emitting la- 
serdiode (VCSEL), a photodiode (PD), or a high electron 
mobility transistor (HEMT) made of AgAs is formed on 
a silicon semiconductor substrate, and a micro-silicon 
transistor, instead of a thin film transistor (TFT) of each 
pixel of a liquid crystal display (LCD), is attached onto 
a glass substrate, a hybrid process has been conven- 
tionally used. FIG. 18 is a diagram showing a schematic 
perspective view of an example of conventional hybrid 
integrated circuits. In this figure, a silicon LSI chip 111 
includes a LSI area 112. A photodiode chip 101a, a VC- 
SEL chip 101b. and a HEMT chip 101c are joined to the 
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surface of the silicon LSI chip 111, Here, the limit in size 
of the chip that can be handled using the conventional 
mounting techniques is thickness of several ten x 
surface area of several hundred ^m^. Accordingly, the 
size of the photodiode chip 1 01 a, the VCSEL chip 101b, 5 
and the HEMT chip 101c become greater than the thick- 
ness of several tens of fim x surface area of several hun- 
dred jim2. 

[0087] FIG 12 is a schematic perspective view show- 
ing an example of the integrated circuits which are man- 
ufactured by using the method for manufacturing the 
semiconductor integrated circuit according to an em* 
bodiment of the present invention. In the figure, the sil- 
icon LSI chip, which is the final substrate 71, includes 
the LSI area 72. A photodiode tile 61 a. a VCSEL tile 61b, 
and a high performance transistor tiles 61c (including 
MESFET, HBT. and HEMT) are joined to the surface of 
the final substrate 71 . Here, the photodiode tile 61a, the 
VCSEL tile 61 b. and the high performance transistor tile 
61 c are manufactured as the micro tile elements 61 and 
are joined using the manufacturing method according to 
the first embodiment of the present invention. Accord- 
ingly, it is possible to realize the size (thickness of sev- 
eral \im X surface area of several tens jim^) for the pho- 
todiode tile 61a, the VCSEL tile 61b, and the high per- 
formance transistor 61c. 

[0088] That is, according to the manufacturing meth- 
od of the present invention. It becomes possible to form 
a semiconductor element (i.e., the micro tile element 61 ) 
whose size is as small as one monolithically manufac- 
tured, on a freely chosen kind of substrate, such as sil- 
icon, quartz, sapphire, metals, ceramics, and plastic 
films. 

[0089] Also, according to the above-mentioned em- 
bodiments of the manufacturing method of the present 
invention, a test can be performed on a semiconductor 
element in advance and the semiconductor may be se- 
lected based on the result of the test since the semicon- 
ductor element (the semiconductor device 1 3) is proc- 
essed to be the micro tile element 61 after the semicon- 
ductor element is formed on the semiconductor sub- 
strate (the substrate 10). 

[0090] Moreover, according to the above-mentioned 
embodiments of the manufacturing method of the 
present invention, the entire semiconductor substrate 
(the substrate 10) from which the micro tile elements 61 
are produced, can be used for the semiconductor devic- 
es 13 except the portion that is used for the separatk>n 
grooves. Accordingly, It becomes possible to increase 
the efficiency In using the area of the semiconductor 
substrate (the substrate 10), and to reduce the manu- 
facturing cost. 

[0091] Furthermore, according to the above-men- 
tioned embodiments of the manufacturing method of the 
present invention, since the micro tile elements 61 are 
mounted on the flexible intermediate transfer film 31 , 
each of the micro tile elements 61 may be selected and 
joined to the final substrate 71 . 



[0092] In addition, according to the above-mentioned 
embodiments of the manufacturing method of the 
present invention, since the micro tile elements 61 are 
Joined to the final substrate 71 in a completed state as 
a semiconductor element, a complicated semiconductor 
process is not required after the joining process. Accord- 
ingly, it is not necessary to treat the whole final substrate 
71 after the micro tile elements 61 are joined to the final 
substrate 71 , and hence, it becomes possible to reduce 
the unnecessary activity in the manufacturing process. 
[0093] Also, since a complicated semiconductor proc- 
ess is not required after the micro tile elements 61 are 
joined to the final substrate 71 , restrictions in the meth- 
ods for joining the micro tile elements 61 to the substrate 
are eased, and it becomes possible to adopt a low heat 
resistant joining method, for example. 

Practical Embodiments: 

[0094] Hereinafter, examples of applications of a 
semiconductor element member which is manufactured 
by using the manufacturing method for the semiconduc- 
tor integrated circuit according to the present invention 
will be explained. 

[0095] In the first practical embodiment, a vertical cav- 
ity surface emitting laserdlode (VCSEL) and a photodi- 
ode (PD) are disposed on a silicon LSI using the above 
method according to the first embodiment of the present 
invention. In this manner, it becomes possible to trans- 
mit data to the outside of the silicon LSI using optical 
pulses. Accordingly, it becomes possible not only to 
transmit data to a place where electrical connection is 
not possible but also to transmit data at higher speed 
than the case where data are transmitted using electri- 
cal signals. 

[0096] In the second practical embodiment a com- 
pound semiconductor heterojunction bipolar transistor 
(HBT) is disposed on a silicon LSI using the above meth- 
od according to the first embodiment of the present in- 
vention. By integrating a high performance analog am- 
plifier using the HBT in a silicon IC as a component of 
a mobile phone, for instance, the length of wiring can be 
shortened, and hence, high performance of the circuits 
can be realized. Also, the whole semiconductor sub- 
strate (the substrate 1 0) from which the micro tile ele- 
ments 61 are produced, can be used as the semicon- 
ductor devices 1 3 except the portion that is used for the 
separation grooves 21. Accordingly, it becomes possi- 
ble to increase the efficiency in using the area of the 
AgAs substrate, which is expensive, and to reduce the 
manufacturing cost. 

[0097] In the third practical embodiment, as each pixel 
of a liquid crystal display, which is an electrooptic device, 
a micro-silicon transistor, instead of a thin film transistor 
(TFT), is attached using the manufacturing method ac- 
cording to the present invention. That is, the silicon tran- 
sistors are attached to a glass substrate for liquid crystal 
by using the above-mentioned method according to the 
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second embodiment of the present invention. In this 
manner, it becomes possible to obtain a switching func- 
tion, the performance of which is better compared to the 
case where the TFT is employed. By using the manu- 
facturing method according to the second embodiment 
of the present invention explained above, it becomes 
possible to minimize the useless area by densely form- 
ing the micro silicon transistors on a silicon substrate, 
dividing the transistors using the separation layers and 
the sacrificial layers, and attaching the transistors only 
to necessary portions. Accordingly, the manufacturing 
cost can be significantly reduced. 
[0098] In the fourth practical embodiment, as each 
pixel of an organic electroluminescent device, which is 
an el ectrooptic device, a micro-silicon transistor. Instead 
of a thin film transistor (TFT), is attached using the man- 
ufacturing method according to the present invention. 
Hereinafter, the manufacturing method of this electroop- 
tic device will be explained in detail. 

Electrooptic Device: 

[0099] Hereinafter, the electrooptic devices according 
to the practical embodiments of the present Invention 
will be explained with reference to FIG. 13. FIG. 13 is a 
diagram showing a cross-sectional view of an example 
of the electroluminescent devices which is an electroop- 
tic device according to the embodiment of the present 
invention. 

[0100] In FIG. 13, an organic electroluminescent de- 
vice 1 includes an optically transparent substrate (light 
permeable layer) 2, an organic electroluminescent ele- 
ment (light emitting element) 9 including a light emitting 
layer 5 and a positive hole transporting layer 6, and a 
sealing substrate 320. The light emitting layer 5 is dis- 
posed between a pair of electrodes (a cathode 7 and an 
anode 8) and is made of an organic electroluminescent 
material. A low refractive index layer, and a sealing layer 
may be laminated between the substrate 2 and the or- 
ganic electroluminescent element 9 if necessary. The 
low refractive index layer is disposed closer to the sub- 
strate 2 as compared to the sealing layer. 
[0101] In the organic electroluminescent device 1 
shown in FIG. 13, light emitted from the light emitting 
layer 5 is emitted to the outside of the device from the 
substrate 2 side. Non-llmiting examples of the materials 
that can be used for forming the substrate 2 Include a 
transparent or translucent material through which light 
may pass, for instance, a transparent glass, quartz, sap- 
phire, or transparent synthetic resins, such as polyester, 
polyacrylate, polycarbonate, and polyetherketone. In 
particular, a soda-lime glass which is inexpensive may 
be suitably used as a material for forming the substrate 
2. 

[0102] On the other hand, for the case where light is 
emitted from the other side of the substrate 2, the sub- 
strate 2 may be made of an opaque substance. In such 
a case, ceramics, such as alumina, and a sheet of metal. 



such as stainless steel, which is subjected to an Insu- 
lating treatment like surface oxidation, thermosetting 
resins, and thennoplastic resins may be suitably used. 
[0103] The anode 8 is a transparent electrode made 

5 of indium tin oxide (ITO), for example, and light can be 
transmitted through the anode 8. The positive hole 
transporting layer 6 may be made of. for instance, triphe- 
nylamine derivative (TPD). pyrazollne derivative, ar- 
ylamine derivative, stilbene derivative, and triphenyldl- 

10 amine derivative. More specifically, examples of the an- 
ode 8 include those disclosed in Japanese Unexamined 
Patent Application, First publication No. Sho 63-70257. 
Japanese Unexamined Patent Application, First publi- 
cation No. Sho 63-175860, Japanese Unexamined Pat- 

15 ent Application, First publication No. Hel 2-135359, Jap- 
anese Unexamined Patent Application, First publication 
No. Hei 2-135361, Japanese Unexamined Patent Appli- 
cation. First publication No. Hei 2-209988, Japanese 
Unexamined Patent Application. First publication No. 

20 Hei 3-37992. and Japanese Unexamined Patent Appli- 
cation. First publication No. Hei 3-152184. Among them, 
use of triphenyldiamine derivative is preferable, and use 
of 4,4'-bis(N(3-methylphenyl)-N-phenylamino)biphenyl 
Is more preferable. 

25 [01 04] Note that a positive hole injection layer may be 
formed instead of the positive hole transporting layer, 
and it is possible to form both the positive hole injection 
layer and the positive hole transporting layer. In such a 
case, non-llmiting examples of the materials that may 

30 be used for forming the positive hole injection hole in- 
clude, for instance, copper phthalocyanine (CuPc), 
polypheny lenevinyl en e which is a polytetrahydrothi- 
ophenylphenylene, 1 .1-bls-(4-N,N-dltolylaminophenyl) 
cyclohexane. and tris(8-hydroxyquinolinol). Among 

35 them, use of copper phthalocyanine (CuPc) is prefera- 
ble. 

[0105] Non-limiting examples of the materials that 
may be used for forming the light emitting layer 5 in- 
clude, for instance, low molecular organic light emitting 

40 pigments and high molecular light emitting materials, I. 
e., various fluorescent substances and phosphorescent 
substances, and organic electroluminescent materials, 
such as Alq3 (aluminum chelate complexes). Among 
conjugated polymers which function as a light emitting 

45 material, use of one which includes an arylenevinylene 
or polyfluorene structure is particulariy preferable. 
Among the low molecular light emitting materials, naph- 
thalene derivatives, anthracene derivatives, penylene 
derivatives, polymethine, xyathene, coumarin, and cya- 

50 nine pigments, metal complexes of 8-hydroquinoline 
and derivatives thereof, aromatic amines, tetraphenyl- 
cyclopentadiene derivatives, and those which are dis- 
closed in Japanese Unexamined Patent Application. 
First publication No. Sho 57-51781, and Japanese Un- 

55 examined Patent Application, First publication No. Sho 
59-194393 may be suitably used. The cathode 7 is a 
metal electrode made of aluminum (AI), magnesium 
(Mg), gold (Au). silver (Ag) and so forth. 
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[0106] Note that it is possible to dispose an electron 
transporting layer or an electron injection layer between 
the cathode 7 and the tight emitting layer 5. Materials 
that can be used for forming the electron transporting 
layer are not particularly limited, and examples of such 5 
materials include, for instance, oxadlazole derivatives, 
anthraquinodimethane and its derivatives, benzoqui- 
none and its derivatives, naphthoquinone and its deriv- 
atives, anthraquinone and its derivatives, tetracyanoan- 
thraquinodimethane and its derivatives, fluorenone de- fo 
rivatives, diphenyldicyanoethylene and its derivatives, 
diphenoquinone derivatives, and metal complexes of 
8-hydroxyquinoline and its derivatives. More specifical- 
ly, similar to the above-mentioned materials for forming 
the positive hole transporting layer, examples of the ma- ^ 5 
terials that can be used for the electron transporting lay- 
er include those disclosed in Japanese Unexamined 
Patent Appiication. First publication No. Sho 63-70257. 
Japanese Unexamined Patent Application, First publi- 
cation No. Sho 63-175860, Japanese Unexamined Pat- 20 
ent Application, First publication No. Hei 2-135359, Jap- 
anese Unexamined Patent Application, First publication 
No. Hei 2-135361 , Japanese Unexamined Patent Appli- 
cation. First publication No. Hei 2-209988, Japanese 
Unexamined Patent Appiication. First publication No. 25 
Hei 3-37992, and Japanese Unexamined Patent Appli- 
cation, First publication No. Hei 3-1 521 84. Among them, 
use of 2-(4-biphenylyl)-5-(4-t-butylphenyl)-1,3,4-oxadi- 
azole, benzoquinone, anthraquinone, and tris(8-quino- 
linol)aluminum is preferable. 30 
[0107] Although not shown in the figure, the organic 
electi-oluminescent device 1 according to the embodi- 
ment of the present invention is of an active matrix type, 
and In practice, a plurality of data lines and scan lines 
are arranged on the substrate 2 in a grid. In a conven- 35 
tional device, an organic electroluminescent element is 
connected to each pixel, which is divided by the data 
lines and the scan lines to be disposed in a matrix, via 
driving TFTs. such as switching transistors and driving 
transistors. When a driving signal is supplied via the da- 40 
ta lines or the scan lines, electric current flows between 
the electrodes, and light is emitted from the light emitting 
layer of the organic electroluminescent element to be 
emitted outside the substrate 2. In this manner, a corre- 
sponding pixel is lighted. -^5 
[01 08] In the embodiment according to the present in- 
vention, however, micro silicon transistors of the present 
invention are attached to each pixel instead of the driv- 
ing TFTs, such as the switching transistors and the driv- 
ing transistors, conventionally provided with each pixel, so 
The attachment of the micro silicon transistors Is carried 
out using the above-mentioned first to eleventh steps of 
the manufacturing method according to the emtx>diment 
of the present invention. 

[0109] In this manner. It becomes possible to obtain 55 
a switching function, the performance of which Is better 
than the case in which the TFT is employed, and the 
organic electroluminescent device 1 capable of chang- 



ing a display state at high speed may be produced. 
[0110] Next, an example of the electrooptic devices 
according to the practical embodiments of the present 
Invention will be described in detail with reference to 
FIG. 14. 

[0111] FIG. 14 is a diagram showing a case where the 
electrooptic device according to the embodiment of the 
present invention is applied to an active matrix type dis- 
play device (an electrooptic device) using electrolumi- 
nescent elements. 

[01 1 2] In the electroluminescent device SI , as shown 
In FIG. 14 which is a circuit diagram, a plurality of scan 
lines 131, a plurality of signal lines 132 extending in di- 
rections crossing the scan lines 131, and a plurality of 
common feed lines 1 33 extending in directions parallel 
to the signal lines 132 are arranged on the substrate. At 
each of the position where the scan line 131 crosses the 
signal line 132. a pixel (a pixel area element) AR is 
formed. 

[01 13] A data line driving circuit 390 having a shift reg- 
ister, a level shifter, a video line, and an analog switch 
is provided for the signal lines 1 32. 
[0114] On the other hand, a scan line driving circuit 
380 including a shift register and a level shifter is pro- 
vided with the scan line 1 31 . Also, in each of the pixel 
area AR, a first transistor 322, a retention volume cap. 
a second transistor 324, a pixel electrode 323, and a 
light emitting portion (light emitting layer) 360 are pro- 
vided. In the first transistor 322, a scan signal is supplied 
to a gate via the scan line 131. The retention volume 
cap retains an image signal supplied from the signal line 
132 via the first transistor 322. The image signal re- 
tained by the retention volume cap is supplied to a gate 
of the second transistor 324. A driving current flows to 
the pixel electrode 323 from the common feed lines 133 
via the second transistor 324 when the pixel electrode 
323 is electrically connected to the common feed lines 
133. The light emitting portion 360 is disposed between 
the pixel electrode 323. which functions as an anode, 
and a common electrode 222, which functions as a cath- 
ode. 

[0115] Here, tiie first transistor 322, and the second 
transistor 324 are micro silicon transistors which are at- 
tached to a substrate of the electroluminescent display 
device manufactured by using the above explained first 
to eleventh steps according to the present invention. 
[0116] In the device having the above configuration, 
when the first transistor 322 is tumed on via the scan 
lines 131 , the electric potential of the signal lines 132 at 
that time Is retained in the retention volume cap, and a 
conduction state of the second transistor 324 Is deter- 
mined based on the state of the retention volume cap. 
Then, current flows to the pixel electrode 323 from the 
common feed lines 1 33 via the channel of the second 
transistor 324, and further flows to the common elec- 
trode 222 via the light emitting layer 360. In this manner, 
the light emitting layer 360 emits light in accordance with 
the amount of cun-ent which flows through the light emit- 
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ting layer 360. 
Electronic Device: 

[0117] Next, embodiments of electronic devices in- 
cluding the above electrooptic device according to an 
embodiment of the present invention will be explained. 
[0118] FIG. 15 is a diagram showing a perspective 
view of a mobile phone, which is an example of the elec- 
tronic devices according to the embodiment of the 
present invention. In FIG. 15, the reference numeral 
1000 indicates a body of the mobile phone, and the ref- 
erence numeral 1001 indicates a display portion to 
which the above-mentioned electrooptic device of the 
present invention has been applied. 
[0119] FIG. 16 is a diagram showing a perspective 
view of a wristwatch type electronic device, which is an- 
other example of the electronic devices according to the 
emt>odimentof the present invention. In FIG. 1 6, the ref- 
erence numeral 1100 indicates a body of the watch, and 
the reference numeral 1101 indicates a display p>ortion 
to which the above-mentioned electrooptic device of the 
present invention has been applied. 
[0120] FIG. 17 Is a diagram showing a perspective 
view of a portable information processing device, such 
as a word processor and a personal computer, which is 
an example of the electronic devices according to the 
emtxjdimentof the present invention. In FIG. 17. the ref- 
erence numeral 1200 indicates an information process- 
ing device, the reference numeral 1202 indicates an in- 
put unit, such as a keyboard, the reference numeral 
1204 indicates a body of the Information processing de- 
vice, and the reference numeral 1 206 Indicates a display 
portion to which the above-mentioned electrooptic de- 
vice of the present Invention has been applied. 
[0121] Since the electronic devices shown in FIGS. 
15 to 17 are provided with the electrooptic device ac- 
cording to the above embodiments of the present inven- 
tion, each of the devices has an excellent display grade, 
and In particular, an electronic device having an electro- 
luminescent display unit, which includes a high-re- 
sponse, and bright screen, may be realized. Also, by us- 
ing the manufacturing method according to the embod- 
iment of the present invention, the size of the electronic 
device may be reduced as compared with that of a con- 
ventional device. Moreover, by using the manufacturing 
method according to the embodiment of the present in- 
vention, the manufacturing cost may be reduced as 
compared with conventional manufacturing methods. 
[0122] According to the present invention, as ex- 
plained above, it becomes possible to form an Integrat- 
ed circuit by separating semiconductor elements, which 
are formed on a semiconductor substrate, from the sem- 
iconductor substrate, and joining the separated semi- 
conductor elements onto an arbitrary member. 
[0123] Having thus described several exemplary em- 
bodiments of the invention, it will be apparent that vari- 
ous alterations, modifications, and improvements will 



readily occur to those skilled in the art. Such alterations, 
modifications, and improvements, though not expressly 
described above, are nonetheless intended and implied 
to be within the spirit and scope of the invention. Accord- 
5 ingty. the invention is limited and defined only by the fol- 
lowing claims and equivalents thereto. 



Claims 

10 

1. A method for manufacturing a semiconductor inte- 
grated circuit, comprising the steps of: 

forming a semiconductor element on a semi- 
15 conductor substrate; 

attaching a film member on said semiconductor 
element; 

separating said semiconductor element togeth- 
er with said film member from said semiconduc- 
20 tor substrate, and 

applying an adhesive composition to at least 

one of said semiconductor element and a mem- 
ber on which said semiconductor element is 
mounted. 

25 

2. A method for manufacturing a semiconductor inte- 
grated circuit according to claim 1 , further compris- 
ing the steps of: 

30 temporary fixing said semiconductor element 

and said member; 

separating said film member from said semi- 
conductor element, and 
completely fixing said semiconductor element 
35 and said member. 

3. A method for manu^cturing a semiconductor inte- 
grated circuit according to claim 1 , wherein said ad- 
hesive composition Includes fine powder. 

40 

4. A method for manufacturing a semiconductor inte- 
grated circuit, comprising the steps of: 

forming a semiconductor element on a semi- 
45 conductor substrate; 

attaching a film member on said semiconductor 
element; 

separating said semiconductor element togeth- 
er with said film member from said semiconduc- 
50 tor substrate; 

forming a joining layer on a surface of a mem- 
ber on which said semiconductor element is 
mounted; 

applying a solution to said joining layer; 
55 placing said semiconductor element on a por- 

tion of said joining layer where said solution has 
been applied, and 

mounting said semiconductor element on said 
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member. 

A method for manufacturing a semlcxjnductor inte- 
grated circuit, comprising the steps of: 

forming a semiconductor element on a semi- 
conductor substrate; 

attaching a film member on said semiconductor 
element; 

separating said semiconductor element togeth- 
er with said film memberfrom said semiconduc- 
tor substrate; 

forming a first joining layer on said semiconduc- 
tor element, and a second joining layer on a sur- 
face of a member on which said semiconductor 
element is mounted, and 
dissolving at least one of said first joining layer 
and said second joining layer so that said sem- 
iconductor element is mounted on said member 
using a dissolved layer as a joining surface. 

A method for manufacturing a semiconductor Inte- 
grated circuit, comprising the steps of: 

forming a semiconductor element on a semi- 
conductor substrate; 

attaching a film member on said semiconductor 
element; 

separating said semiconductor element togeth- 
er with said film memberfrom said semiconduc- 
tor substrate; 

closely contacting said semiconductor element 
and a member on which said semiconductor el- 
ement is mounted, and 

applying voltage of about 500 to 2.000 V be- 
tween said semiconductor element and said 
member so that said semiconductor element is 
joined to said member. 

A method for manufacturing a semiconductor inte- 
grated circuit, comprising the steps of: 

forming a semiconductor element on a semi- 
conductor substrate; 

attaching a film member on said semiconductor 
element; 

separating said semiconductor element togeth- 
er with said film member from said semiconduc- 
tor substrate, and 

placing a plurality of said semiconductor ele- 
ments substantially at the same time on a de- 
sired member using a plurality of collets. 

A method for manufacturing a semiconductor inte- 
grated circuit according to claim 7, further compris- 
ing the step of: 
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Opposite another side of said film member to 
which said plurality of said semiconductor ele- 
ments are attached, and 
curving portions of said film member between 
each of said semiconductor elements toward 
the side of said film member at which the pres- 
sure is reduced. 

9. A semiconductor integrated circuit, comprising: 

a semiconductor element, and 
a member including a circuit which is connected 
to said semiconductor element, wherein 
said semiconductor element Is joined to said 
member using a method for manufacturing a 
semiconductor integrated circuit according to 
any one of claims 1 and 8. 

10. An electrooptic device, comprising the semiconduc- 
tor integrated circuit as claimed in claim 9. 

1 1 . An electrooptic device according to claim 1 0. further 
comprising: 

a plurality of scan lines and data lines which are 
formed in a matrix; 

a switching device connected to said scan lines 
and data lines; and 

a pixel electrode connected to said switching 
device. 

1 2. An electrooptic device according to claim 1 0, further 
comprising: a light emitting element. 

13. An electronic device, comprising the electrooptic 
device according to claim 10. 

14. An electronic device, comprising the electrooptic 
device according to claim 11. 

15. An electronic device, comprising the electrooptic 
device according to claim 12. 



45 



50 



55 



reducing pressure of a side of said film member 
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(54) Semiconductor integrated circuit and its manufacturing method 



(57) A method for manufacturing a semiconductor 
Integrated circuit includes the steps of fomning a semi- 
conductor element on a semiconductor substrate at- 
taching a film member on the semiconductor element, 
separating the semiconductor element together with the 
film member from the semiconductor substrate, and ap- 
plying an adhesive composition to at least one of the 
semiconductor element and a member on which the 



semiconductor element is mounted. The method may 
further include the steps of temporary fixing the semi- 
conductor element and the member, separating the film 
member from the semiconductor element, and com- 
pletely fixing the semiconductor element and the mem- 
ber. In the method, it is preferable that the adhesive 
composition include fine powder of diamond, silicon, 
gold, silver, copper, aluminum nitride, etc. 
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